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As the industrial landscape moves toward the middle of the decade, the upcoming
Tri State 2025 seminar represents a critical juncture for water, wastewater, and
process control professionals. In regions where water scarcity and infrastructure
modernization are paramount, the integration of precise level measurement
technology is no longer optional—it is a foundational requirement for operational
efficiency and regulatory compliance. For engineers and facility managers planning
their upgrades for the 2025 fiscal year, understanding the nuances of sensor
technology is essential for ensuring long-term reliability in harsh industrial
environments.

The Tri State 2025 event highlights the transition from traditional mechanical
monitoring to advanced digital sensing. This shift is driven by the need for
real-time data acquisition, reduced maintenance overhead, and higher accuracy in
diverse applications ranging from chemical dosing to large-scale reservoir
management. Selecting the appropriate instrument requires a deep dive into the
physical principles that govern level detection and the specific environmental
factors that can influence signal integrity.

Fundamental Principles of Level Measurement
Technology

Before selecting a device, it is imperative to understand the underlying physics of
the four primary level measurement technologies used in modern industrial
automation: Radar, Ultrasonic, Hydrostatic, and Magnetic.

|1. Radar Level Measurement (FMCW and Pulse)

Radar level meters operate on the Time of Flight (ToF) principle using
electromagnetic waves. These sensors emit a high-frequency signal (typically
26GHz or 80GHz) that travels to the surface of the medium, reflects, and returns to
the sensor.

80GHz Technology: Modern 80GHz radar sensors provide a much narrower beam
angle (as small as 3 degrees) compared to older 26GHz models. This allows the
signal to avoid internal tank obstructions like agitators, ladders, or heating coils.

Welk Reference Guide 2



WELK REFERENCE GUIDE Tri State 2025

FMCW (Frequency Modulated Continuous Wave): This method measures the
frequency difference between the transmitted and received signals, providing
superior accuracy (up to £1 mm) and better performance in environments with
heavy vapor or dust.

| 2. Ultrasonic Level Measurement

Ultrasonic sensors utilize sound waves in the 40 kHz to 200 kHz range. The sensor
transmits a sound pulse that reflects off the liquid surface. The distance is
calculated based on the time interval and the speed of sound in air (approximately
343 m/s at 20°C).

Because the speed of sound is affected by air temperature, high-quality ultrasonic
sensors include integrated temperature compensation. This technology is highly
cost-effective for standard liquid applications but is sensitive to vacuum conditions
and high-pressure environments where sound propagation is inhibited.

| 3. Hydrostatic Level Measurement

Hydrostatic transmitters measure the pressure exerted by a liquid column. The
principle is based on the formula: P = pgh (Pressure = Density x Gravity x Height).
By measuring the pressure at the bottom of a tank or at a submerged depth, the
transmitter calculates the level based on the known density of the fluid.

These sensors are available as submersible probes or externally mounted pressure
transmitters. They are ideal for deep wells, reservoirs, and vented tanks where
non-contact sensing may be impractical due to physical constraints.

| 4. Magnetic Level Gauges

Magnetic level gauges utilize the principle of buoyancy and magnetic coupling. A
float containing a permanent magnet moves with the liquid level inside a bypass
chamber. This magnet flips external flags for visual indication and can actuate
reed switches or a magnetostrictive transmitter for remote signal output. This
provides a robust, mechanical-linkage-free solution for high-pressure and
high-temperature applications.
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Comparative Selection Guide for Process
Applications

Choosing the right technology depends on the physical properties of the medium
(dielectric constant, density, viscosity) and the process conditions (temperature,
pressure, turbulence). The following table provides a high-level comparison to
assist in the evaluation process for Tri State 2025 infrastructure projects.

Technology Typical Range Accuracy Media Key
Suitability Advantage

80GHz Radar 0.1m - 120m +1 mm Liquids, Solids, Non-contact;
Slurries ignores
foam/vapor
Ultrasonic 0.3m - 30m +0.25% Clean Liquids, Cost-effective;
Wastewater easy setup
Hydrostatic 1lm - 200m +0.1% Water, Oils, Reliable in deep
Chemicals wells/sumps
Magnetic 0.3m - 6m =5 mm High Visual +
Pressure/Temp Remote; No
Liquids power for visual
Level Switches Point Detection N/A High/Low Redundancy
Alarms and spill
prevention

For a comprehensive overview of available technologies and technical
specifications, engineers can visit the Welk Main Page to access detailed product
datasheets and application support.

| Practical Installation and Engineering Considerations
Even the most advanced sensor will fail to provide accurate data if installed

incorrectly. When preparing for Tri State 2025 upgrades, engineering teams should
adhere to the following installation checklists:

Welk Reference Guide 4



WELK REFERENCE GUIDE Tri State 2025

| Radar and Ultrasonic Positioning

Dead Zones (Blocking Distance): Every non-contact sensor has a "dead zone"
directly beneath the transducer face where measurements are impossible. Ensure
the sensor is mounted high enough that the maximum expected liquid level does
not enter this zone.

Beam Path: The signal path must be clear of obstructions. For a radar sensor with
a 10-meter (32.8 ft) range and an 8-degree beam angle, the beam diameter at the
bottom will be approximately 1.4 meters (4.6 ft). Any internal structures within this
cone will cause false reflections.

Nozzle Geometry: Avoid mounting sensors in long, narrow nozzles. This can cause
"ringing" or internal reflections that mask the true level signal. Ideally, the sensor
face should protrude slightly into the tank or be flush with the tank roof.

| Hydrostatic and Magnetic Considerations

Atmospheric Venting: Hydrostatic sensors must be vented to the atmosphere
(usually via a capillary tube in the cable) to compensate for changes in barometric
pressure. Failure to keep this vent clear will result in significant measurement drift.

Specific Gravity: Since hydrostatic pressure is density-dependent, any change in
the fluid's specific gravity (due to temperature changes or chemical concentration
shifts) will affect the reading. Calibration must account for the actual density at
operating temperature.

Bypass Alignment: Magnetic level gauges must be mounted perfectly vertical to
ensure the float moves freely without friction against the chamber walls.

Managing Process Limitations and Environmental
Challenges

No single technology is a universal solution. Understanding the limitations of each
method is crucial for avoiding costly downtime.
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1. Foam and Turbulence: Heavy, dense foam can absorb ultrasonic signals and
scatter radar waves. In such cases, high-frequency 80GHz radar is often the only
reliable non-contact solution, though a stilling well may be required for extreme
turbulence.

2. Dielectric Constant (er): Radar relies on the reflectivity of the medium. Low
dielectric fluids (like certain oils or liquefied gases) reflect less energy. While
modern radar sensors can track materials with r as low as 1.4, specialized guided
wave radar or hydrostatic sensors may be more reliable for extremely
low-dielectric applications.

3. Vacuum and Pressure: Ultrasonic sensors cannot operate in a vacuum because
sound waves require a medium (air/gas) to travel. Conversely, extremely high
pressure can change the speed of sound, leading to errors. Radar and magnetic
gauges are preferred for high-pressure vessels.

4. Build-up and Scaling: In wastewater applications, grease and scale build-up can
coat sensor faces. Ultrasonic and radar sensors are generally resistant to light
coating, but hydrostatic diaphragms may require periodic cleaning or the use of
flush-mounted ceramic diaphragms to prevent clogging.

|Frequent|y Asked Questions in Level Instrumentation

Q: How often should level meters be calibrated?

A: Most digital sensors (Radar/Ultrasonic) have no moving parts and exhibit very
low drift. A functional check every 12 to 24 months is usually sufficient. However,
hydrostatic sensors in corrosive media may require annual calibration to ensure

diaphragm integrity.

Q: Can 80GHz radar measure through plastic tank lids?

A: Yes. One of the primary advantages of radar is its ability to penetrate
non-conductive materials like plastic or fiberglass. This allows for "top-down"
measurement without cutting holes in the tank, which is ideal for chemical storage
where maintaining tank integrity is vital.

Q: What is the difference between a level transmitter and a level switch?
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A: A level transmitter provides continuous measurement (e.g., 0-100% or 4-20mA
signal), allowing for precise inventory control. A level switch provides point
detection (on/off) and is typically used for high-level alarms, low-level pump
protection, or overflow prevention.

Q: How does temperature affect hydrostatic level sensors?

A: Temperature affects the density of the liquid. If the temperature increases, the
liquid expands and its density decreases. Since the hydrostatic sensor measures
weight (pressure), it will report a lower level even if the volume remains the same,
unless the control system is programmed to compensate for density changes.

Future-Proofing Level Measurement for 2025 and
Beyond

As the Tri State 2025 seminar will likely demonstrate, the future of level
measurement lies in connectivity. The integration of HART, Modbus, and Profibus
protocols allows these instruments to be part of a larger 10T (Industrial Internet of
Things) ecosystem. This enables predictive maintenance, where the sensor can
alert operators to signal degradation or hardware issues before a failure occurs.

For water and wastewater facilities, the focus for 2025 should be on selecting
instruments that offer not only high accuracy but also the diagnostic capabilities
required for remote monitoring. By choosing the right principle—whether the
precision of 80GHz radar or the ruggedness of hydrostatic pressure—engineers can
ensure their systems remain resilient in the face of changing environmental and
operational demands. For more information on selecting the right instrument for
your specific application, visit the Main Page for expert guidance and technical
resources.
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